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Editorial Comment 
Extracting the Coronary Artery 
From Syndrome X: Is Epicardial 
Vasomotion Physiologic in 
Patients With Normal Coronary 
Arteriograms and Reduced 
Coronary Flow Reserve?* 
MORTONJ.KERN,MD,FACC 
St. Louis, Missouri 
Syndrome X, described by Kemp (1) and Arbogast and 
Bourassa (2) and further elucidated by Tauchert et al. (3) and 
Opherk et al. (4), is an entity clinically defined by a variety 
of terms signifying angina pectoris with ischemic electrocar-
diographic (ECG) findings in patients with angiographically 
normal coronary arteries and reduction of coronary vasodi-
lator reserve. The mechanisms of this syndrome remain 
unknown (hence the "X" designation). This relatively com-
mon entity (approximately 10% to 15% of patients in the 
United States) appears to arise from a heterogeneous group 
of patients with a wide spectrum of chest pain and a variety 
of noncardiac vascular and smooth muscle hypersensitive 
constrictor responses (5,6). In some patients, morphologi-
cally abnormal myocardium obtained by endomyocardial 
biopsy suggests that an early form of cardiomyopathy may 
account for the diminished coronary flow reserve (7). Mar-
cus et al. (8) and Strauer (9) cite numerous vascular, rheo-
logic and metabolic disorders within the three main catego-
ries of functional microcirculatory disturbances (Table 1) 
among the potential abnormalities thought to contribute to 
reduced coronary vasodilator reserve with normal coronary 
arteries. 
Mechanisms of syndrome X. Recently, Maseri et al. (10) 
focused attention on the mechanisms of angina in syndrome 
X. Controversy exists as to whether the larger epicardial 
vessels function normally and contribute to the impaired 
coronary vasodilator reserve. Maseri et al. (10) postulate 
that an unevenly distributed abnormal constriction of coro-
nary prearteriolar vessels not involved in the metabolic 
autoregulation of coronary blood flow is responsible for the 
impaired coronary reserve in syndrome X. Furthermore, the 
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more severe and extensive this prearteriolar paradoxic re-
sponse becomes, the more detectable (and objective) is the 
evidence of ischemia. 
The current study. To demonstrate that syndrome X does 
not involve increased vasomotor tone of the larger epicardial 
coronary arteries, Kaski et al. (11) in this issue of the Journal 
describe the angiographic responses of the coronary arteries 
to both an endothelial-independent vasodilator, nitroglyc-
erin, and a potent vasoconstrictor, ergonovine maleate, in 12 
patients with syndrome X. Coronary flow reserve was mea-
sured by positron emission tomography with dipyridamole in 
patients having a positive exercise test (>2 mm ST segment 
depression). These patients were compared with 17 patients 
with chronic angina with stable coronary artery disease 
(lesions 2:50% diameter narrowing) and 10 control subjects 
with atypical chest pain, 5 of whom had proved normal 
coronary reserve. Baseline quantitative angiography was 
performed before and after administration of ergonovine 
(300 JLg) and again after intracoronary isosorbide dinitrate 
(1 mg). Their results indicated that there were no differences 
between coronary diameters at baseline or after the diffuse 
vasoconstrictor effect of ergonovine or the expected vasodi-
lator effect of nitroglycerin. The reactivity of the large 
epicardial vessels to nitrates and ergonovine in syndrome X 
appears to be within the physiologic range, supporting a 
prearteriolar (or more distal) locus responsible for impaired 
coronary reserve. 
These observations are consistent with previous studies 
(5,12) but in conflict with preliminary data by Bugiardini et 
al. (13) and other investigators (14) who report variable 
epicardial responses in patients with syndrome X. Montorsi 
et al. (14) identified a subgroup of patients who had distal 
epicardial coronary artery constriction during exercise when 
a vasodilator effect should be anticipated. As postulated by 
Maseri et al. (10), these data support a heterogeneous 
subgrouping of patients with syndrome X with an uneven 
distribution of small vessel vasoconstrictor zones as an 
explanation for the variety of vasomotor responses. 
As a continuing investigation delineating the mechanisms 
of syndrome X, the study by Kaski et al. (11) is precise and 
clear. First tenets of physiology remind us that the contri-
bution of the epicardial coronary artery to coronary resis-
tance is negligible compared with that of the microvascular 
component unless dramatic and severe diameter narrowings 
occur (as in coronary artery disease or Prinzmetal's angina). 
Thus the abnormality of coronary reserve in syndrome X is 
further demonstrated to reside within the microcirculation. 
However, syndrome X, as delineated here, may likely be 
only one of several syndromes (XI' X2 or X3) with or without 
epicardial vasoconstrictor hypersensitivity, depending on 
the subgroup examined, the technique employed and the 
time of the examination in the patient's clinical course. 
Limitations of the study. The major deficit of the current 
study (11) is the status of the vascular endothelium. The 
investigators (10) have earlier hypothesized that the abnor-
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Table 1. Functional Causes of Disturbances in the 
Coronary Microcirculation 
1. Vascular disorders 
Arterial hypertension (hypertensive microangiopathy) 
Diabetes (microangiopathy) 
Systemic collagen diseases and vasculitis (lupus, scleroderma, immune 
complex vasculitis and others) 
Myocardial infarction 
Others (endocarditis, colitis, endomyocardial fibrosis, amyloidosis) 
2. Rheologic abnormalities 
Paraproteinemia (M. Waldenstriim and others) 
Polyglobulia 
Polycythemia 
Hyperlipoproteinemia 
3. Metabolic reasons 
Anemia 
Hypoxia 
Disturbances of oxygen diffusion and oxygen transport (carbon monoxide 
intoxication, methemoglobinemia and others) 
Modified with permission from Strauer (9). 
mal pre arteriolar constriction could be caused by lack of 
endothelial-derived relaxing factor and flow-mediated vaso-
dilation as one oftwo mechanisms (the other being abnormal 
hypersensitivity to neural stimuli). The angiographic re-
sponse to the administration of intracoronary acetylcholine 
(15) should be examined in these patients to assess the 
degree of subangiographic arterial disease limiting the pro-
duction of endothelial-derived relaxing factor and excluding 
an endothelial functional abnormality of the "physiological-
ly" normal epicardial coronary artery. No such studies have 
been reported in the specific group of patients with syn-
drome X. Whether endothelial function is also within the 
physiologic range remains unknown. It is difficult to say that 
the results of Kaski et al. (11) are surprising. It would be 
unusual if nitroglycerin failed to induce vasodilation in all 
three groups of patients (patients with normal coronary 
arteries or arteries manifesting syndrome X or coronary 
artery disease) (15). It is of interest and, for this population, 
unique data that ergonovine produced similar and physio-
logic coronary vasoconstriction in all three groups. How-
ever, if significant or focal epicardial coronary vasoconstric-
tion were present in these patients, the diagnosis of 
syndrome X would be altered to that of Prinzmetal's variant 
angina with distinctly different implications. 
Implications. This study highlights both the strengths of 
prior investigations into the mechanisms of syndrome X as 
well as the limitations of our current understanding. Syn-
drome X (or mUltiple X) is reported in a heterogeneous group 
of patients, some of whom have marked impairment of both 
the microvasculature and distal epicardial arteries with ex-
ercise. In others, the ECG abnormalities or their absence 
portends later left ventricular dysfunction (4,7). Still other 
patients have less striking changes in the ST segments during 
exercise but may develop conduction abnormalities. Mixed 
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clinical responses to calcium channel blockers and develop-
ment of bundle branch block on long-term follow-up have 
been associated with early cardiomyopathy (7). As the 
investigators (11) acknowledge, "because syndrome X is an 
ill defined patient category [and] ... probably encompasses 
patients with different causes of their anginal pain, differ-
ences in patient selection could also explain the different 
findings." On the basis of their results (11), one must agree 
that the epicardial coronary reactivity only to endothelial-
independent vasoactive substances is physiologic in patients 
with syndrome X. 
This study achieves a large but incomplete part of its aim 
in extracting the epicardial coronary artery as a major 
contributor to ischemia in patients with syndrome X. Future 
studies are needed to examine the endothelial function in 
these patients and to continue to dissect the mechanisms 
involved in the impairment of the microcirculation in this 
large and puzzling patient group. 
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